In 1929 Brand, Harris, Sandberg and Ringer (3) demonstrated that in patients with progressive muscular dystrophy, they could raise the excretion of creatine in the urine, characteristic of these patients, to 40 per cent above the normal by feeding glycine, while other amino-acids were without effect in this respect.
On repeating these experiments three years later, Thomas, Milhorat and Techner (9) found that the patients definitely improved when the administration of glycine was continued for some length of time, and they suggested that this beneficial effect might be explained by assuming that a reduced ability to synthesize glycine was an essential point in the pathogenesis of the disease. This would imply that glycine, introduced from without, would act as a substitute for the organisms own insufficient production. If glycine be accepted as a precursor of creatine, the theory would explain the raised creatine excretion following glycine administration to these patients.
In their first paper, Brand and coworkers (3) advocated the theory, based upon the SalkowskyWerner-Fosse cyanic acid theory, that creatine might arise from a side reaction between cyanic acid and glycine:
Cyanic acid + 2 glycine= creatine + H2O + CO2.
In more recent papers by Brand (1) and by Brand and Harris (2) the theory is somewhat altered. It is still assumed that glycine is involved in the formation of creatine, namely, of its guanidine group, but for special reasons the glutathione, which is known to contain glycine, is put in relation to the process. Since publication of the study by Thomas and his coworkers (9) many patients suffering from progressive muscular dystrophy have been treated with glycine, and although there is some division of opinion as to the therapeutic effect, most authors confirm Brand's observation as to the raised creatine content in the urine following glycine feeding.
A theory based on the assumption of a defective glycine synthesis is in itself rather surprising, since it is a generally accepted view that glycine, at least, is an amino-acid which the organism itself can synthesize. But naturally the idea could not be dismissed at the outset, that certain individuals did not possess this function, and this deficiency might be the cause of a disorder as grave as progressive muscular dystrophy.
If benzoic acid be given to a person, the main part combines with glycine and is excreted as hippuric acid. This function seems to extend to many members of the animal kingdom (pig, rabbit, guinea pig, man), and to be a very adequate function, allowing great amounts of benzoic acid to be eliminated. McCollum and Hoagland (7) succeeded in showing, with pigs reduced to an endogenous level of protein metabolism, that the formation of hippuric acid could proceed at a constant level of nitrogen excretion, but was accompanied by a great reduction in the excretion of urea. Only when the urea-nitrogen was lowered to 20 per cent of the total nitrogen was the nitrogen excretion increased, indicating an increased breakdown of protein.
In their first studies Brand, Harris, Sandberg and Ringer (3) fed benzoic acid to their patients with progressive muscular dystrophy. The hippuric acid excretion is not mentioned, but they conclude: "The transformation of glycine into creatine was further confirmed by the As will be seen from Table I , the authors (4) cannot account for all the benzoic acid ingested, but this may be caused partly by the fact, which their curves seem to show, that the excretion did not stop altogether within the time of sampling (5 hours). A more serious objection is that these small amounts of benzoic acid cause only very minute amounts of glycine to be produced. If the therapeutic dose for children of. this age is about 15 grams per day, the experiment must show that the diseased organism can synthesize amounts of about the same order.
It may likewise be objected that the glycine present in the hippuric acid might have been extracted from the patients own proteins, which contain on an average about four per cent of glycine. To guard against such an objection, it is necessary to determine the nitrogen excretion simultaneously. The organism being without glycine-deposits, such an extraction of glycine from the protein molecules must of necessity mean the total disintegration of the molecules, with consequent increase of nitrogen excretion to a level twenty-five times as great as the nitrogen content of the glycine extracted.
In 1934 Linneweh and Linneweh (6) published their results from feeding benzoic acid to two adult patients with progressive muscular dystrophy. They determined the nitrogen excretion simultaneously with the hippuric acid excretion, and found that the hippuric acid excretion was paralleled by a rise of nitrogen excretion in the urine, corresponding fairly well with the nitrogen content of the hippuric acid. While it must be admitted that their doses of benzoic acid are fairly large, it can only be regretted that in one of their patients the hippuric acid output is rather poor, 22 grams only, while 48 grams should have been expected from the 30 grams of benzoic acid ingested. It might therefore equally well be concluded that the hippuric acid synthesis is impaired in this patient. Their data have been arranged in Table II These authors also determined the creatine and creatinine excretion during the experiments, and they conclude that the creatinuria is not reduced after feeding benzoic acid.
As will be seen from these quotations, the literature is contradictory on one point, viz., the question of reduced creatinuria following the 232 feeding of benzoic acid, while on another, the synthesis of hippuric acid, no indisputable conclusion can be drawn. It has been the object of the experiments now to be described, to throw further light on these problems.
EXPERIMENTAL
The experiments were performed on six patients with typical cases of progressive muscular dystrophy, who were admitted to the Department of Nervous Diseases and the Medical Department A of the Rigshospital (Experiment II)." On the day of the experiment and the day preceding, the patients were served a glycine-free diet consisting of milk, cream, butter, eggs, sugar, bread baked from potato meal and whites of egg, and courses prepared from these ingredients with the addition of salt and spices. No attempt was made to make the nitrogen intake constant, because of practical difficulties; and because, after all, the nitrogen excretion very soon proved to be fairly constant.
It was my aim to give the greatest possible amount of benzoic acid during the day of the experiment, in order to get an acceptable amount of glycine synthesized. It was therefore indispensable to determine (Experiment I), the largest dose of benzoic acid (given as sodium benzoate) which could be taken without substantial discomfort, together with the duration of its excretion. METHOD None of the methods described for the determination of hippuric acid seem to be generally accepted, nor do they give very accurate results, as has been shown in the preceding part. I have preferred the method described by Widmark (10) , the principle of which is titration of the benzoic acid after extraction with toluol, in which the hippuric acid is almost insoluble. Instead of the large extraction vessels described by Widmark, I used the smaller tubes constructed by Orskov (11) with toluol and rocked for four hours. After this extraction, the toluol plus the content of the dimittent is sucked off and a surplus of 0.05 N HCI is added to the recipient from a microburette. It is heated on a water bath at 50 to 600 C., and a current of air is blown through the recipient to expel the carbon dioxide. The acid is then titrated with 0.05 N NaOH from the microburette, using phenolphthalein as an indicator.
Each sample of urine was extracted twice, the first time for the determination of "preformed benzoic acid" directly on the acidified urine, the second time for the determination of the "total benzoic acid" after hydrolysis of the hippuric acid.
The heading " preformed benzoic acid " is a purely practical one, as it covers widely different substances, viz., 1, free benzoic acid; 2, ester of benzoic acid and glucuronic acid, which disintegrates immediately when sulphuric acid is added; 3, hippuric acid which, as already mentioned, is not entirely insoluble in toluol; 4, other acid substances soluble in toluol.
Although the fraction is small in comparison with the hippuric acid fraction, it would seem desirable, from a theoretical standpoint, to determine the single components. The greatest is, no doubt, the hippuric acid, since preliminary experiments had shown it to be so soluble in toluol that a not inconsiderable part would be dissolved, when the urine was rich in it. Next, an attempt was made to determine the ester fraction by employing a titration with Benedict's solution. But it appeared that the " Eigenreduction" of the urine was so considerable in comparison with the small amount of glucuronic acid present that the plan had to be abandoned. The free benzoic acid eludes direct determination, but it is probably rather insignificant in amount. This can be said with certainty about the " other acid substances," since this component cannot be expected to increase after benzoate feeding, and before such feeding the whole fraction of "preformed benzoic acid " is almost negligible. One must, therefore, be content to determine the sum of the components, and to compromise with the inaccuracy introduced by assuming that all the benzoic acid determined as "total benzoic acid" originates from hippuric acid. " The total benzoic acid " is determined after treating equal amounts of urine with 4 N NaOH on a boiling water bath for six hours. The fluid is neutralized with 2 N H2SO4, and after acidify-hpurtec acid.
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FIG. 1. SYNTHESIS OF HIPPURIC ACM AFTER FEEDING BENZOATE TO A NORMAL PERSON DURING THEREE
CONSECuTIvE DAYS, TOGETHER WITH NITROGEN EXCRETION.
ing the fluid, the extraction and titration are performed as previously described. All the analyses were made three times. If one differed essentially from the other two, it was rejected. If they all differed, a new analysis was made.
Experiment I. On the first day of the experiment, 10 grams of sodium benzoate were given at 8:20 a.m., and as will be seen, the greater part of it was excreted within 6 hours. The next day, 8 grams were given at 9 and 12 a.m. and at 7 p.m. Although rather large amounts were seen to be excreted during the following night, a new dose of 10 grams on the third day showed that the ability to synthesize hippuric acid was still unimpaired. During the three days of the experiment, 44 grams of sodium benzoate were taken (corresponding to 39.7 grams of benzoic acid), and in all 38.68 grams of "total benzoic acid" were excreted, equalling 61.8 grams of hippuric acid, while 59.6 grams should have been expected. This corresponds to a glycine synthesis of 21.4 grams.
The elevations in the nitrogen curve are probably due to the nitrogen contained in the hippuric acid, although they are not greater than might have been expected from the food intake during the daytime.
After the ingestion of 10 grams of sodium benzoate dissolved in water, a slight but rather disagreeable itch is felt in the throat, but it soon disappears. Within ten minutes, a sensation of heat, tingling, and pulsation is felt in the head and skin, accompanied by a transitory xanthopsia. These symptoms all subside within an hour. There is no nausea. (6) .
A study of the excretion of creatine and creatinine does not lend any support to the view held by Brand and coworkers (1, 3, 5) , that creatinuria is lowered after benzoate feeding. The creatinuria shows fluctuations during the three days of the experiment similar to those usual in these patients. In some cases it is higher on the day of benzoate feeding than on the day before and after, in other cases it is lower.
CONCLUSIONS
The experiments show that six patients with progressive muscular dystrophy can synthesize almost unlimited amounts of glycine for use in the synthesis of hippuric acid.
From this the conclusion is drawn that progressive muscular dystrophy cannot be caused by a defective synthesis of glycine, and that the beneficial effect of glycine treatment cannot be due to glycine acting as a supplement to the organisms. own insufficient production as held by Thomas. and coworkers (9) .
The experiments showed no reduction of creatinuria when benzoate was fed, so that this ob-servation does not support the hypothesis that creatine is synthesized from glycine. SUMMARY 1. A critical account is given of experiments showing the synthesis of glycine in patients with progressive muscular dystrophy.
2. The results of benzoate feeding on six patients suffering from progressive muscular dystrophy are recorded together with similar experiments on one normal subject.
3. The experiments show that the patients are capable of synthesizing glycine equal to the usual therapeutic doses.
